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Abstract.—Aphids, adelgids, and phylloxerans are soft-bodied insects that damage or- 
namental plants and agricultural crops by sucking plant sap or through the transmission 
of plant viruses. Identification, even to family, of these insects can be difficult. This article 
contains information on antennal characters that are useful in recognition of the devel- 


opmental forms of aphids, adelgids, and phylloxerans. 
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Homopterous insects are an interesting 
and diverse group. The structure of the 
piercing-sucking mouthparts distinguishes 
members of the Homoptera from other in- 
sects (Blackman 1974). Identification at 
family level can be a challenge because 
there are few characters that separate ho- 
mopterous families. 

The Aphidoidea contains three families: 
Aphididae (aphids), Adelgidae (adelgids), 
and Phylloxeridae (phylloxerans or phyl- 
loxerids). The subfamilies in the Aphididae 
are given family status by some workers 
(Heie 1987, Foottit and Richards 1993). 
Members of the Aphidoidea often have 
complex life cycles, including variable suc- 
cessions of morphologically different de- 
velopmental forms (morphs) and alternation 
of hosts between a primary host (often a 
woody plant) and a secondary host (usually 
an herbaceous plant). Aphids are found on 
a broad range of plant families, adelgids are 
limited to conifers, and phylloxerans are 
found on deciduous plants. For a discussion 
of and keys to aphidoid immatures, see /m- 
mature Insects (Stoetzel 1991). 

Most aphidoid morphs have piercing- 
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sucking mouthparts, but some sexual forms 
(sexuales) have rudimentary or vestigial 
mouthparts. Many species have wax glands. 
Aphids are distinctive in having paired cor- 
nicles (siphunculi) located on the fifth or 
sixth abdominal segments, but some lack 
these structures. Cornicles have many 
shapes and sizes and are known to emit an 
alarm pheromone (Nault et al. 1973, Dixon 
1985). The ninth abdominal tergite is mod- 
ified into a cauda (tail) that is variable in 
shape and size. 

Identification, even to family, of some of 
the forms in the Aphidoidea can be diffi- 
cult. This article contains information on 
antennal characters that is useful in rec- 
ognition of the variable forms in the Aphi- 
doidea. As in all insects, the antennae in 
the Aphidoidea consist of two, round, ba- 
sal segments called the scape and pedicel 
and a usually multisegmented and elongat- 
ed flagellum. The scape and pedicel are 
without special characters, but the flagel- 
lum is distinctive and provides characters 
for distinguishing among the aphidoid 
families and between the Aphidoidea and 
other insects. 
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APHIDIDAE 
(Fig. 1) 


Most aphids have 4-, 5-, or 6-segmented 
antennae. Rarely, in Dasyaphis (Takahashi 
1965) and Nipponaphis (Miyazaki 1987), 
the flagellum is one segmented with two 
primary sensoria and a faint distinction be- 
tween base and unguis. The basal two seg- 
ments, the scape and pedicel, are without 
differences. The flagellum is distinctive in 
possessing primary and often secondary 
sensoria (rhinaria) and an ultimate segment 
divided into a base and unguis (processus 
terminalis or terminal process). The pres- 
ence of one primary sensorium on the ul- 
timate segment at the juncture of the base 
and the unguis and another primary senso- 
rium on the distal or apical portion of the 
penultimate segment is distinctive. No other 
insect taxon displays these antennal char- 
acters. When present, secondary sensoria 
can be found on one or all of the ultimate 
2-4 antennal segments of adults. Secondary 
sensoria do not occur on antennae of im- 
matures. Antennal sensoria are variable in 
shape (circular, oval, annular. irregular) and 
size and are olfactory in function (Dunn 
1978, Shambaugh et al. 1978, Bromley and 
Anderson 1979). The similarity of the pri- 
mary sensoria with secondary sensoria in 
some species, especially in the Pemphigi- 
nae, make it difficult to determine the di- 
vision of the ultimate antennal segment into 
a base and unguis. 

Stem mothers (fundatrices) are nearly al- 
ways wingless, usually have 5-segmented 
antennae (Fig. 1A), and may have second- 
ary sensoria on the last 3 segments. Their 
immature stages have 4- or 5-segmented 
antennae. Wingless females (apterae) and 
their immature stages usually have 5- or 6- 
segmented antennae (Fig. 1B). Winged fe- 
males (alatae) usually have 5- or 6-seg- 
mented antennae (Fig. 1C) and usually have 
secondary sensoria on one or more of the 
terminal segments. Their immature stages 
usually have 5- or 6-segmented antennae. 
Egg-laying females (oviparae) are usually 
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wingless and usually have 5- or 6-seg- 
mented antennae (Fig. 1D). Their immature 
stages usually have 5- or 6-segmented an- 
tennae. Males are winged or wingless, usu- 
ally have 5- or 6-segmented antennae (Fig. 
1E), and usually have many secondary sen- 
soria on all flagellar segments. Their im- 
mature stages usually have 5- or 6-seg- 
mented antennae. The antennae of all the 
morphs of Myzus persicae (Sulzer), the 
green peach aphid, are illustrated in Fig. 1. 


ADELGIDAE 
(Fig. 2) 


Adelgids have 3-, 4- or 5-segmented an- 
tennae. The basal two segments, the scape 
and pedicel, are without differences. The 
flagellum differs in all forms. Adelgids 
have a complex life cycle that often spans 
two years. Most species alternate hosts be- 
tween Picea spp. (spruce), and a specific 
species but any of a number of species of 
other conifer genera. Some species do not 
have a secondary host but complete their 
development on spruce. Some species do 
not return to spruce but remain on the non- 
spruce coniferous host (Annand 1928, Car- 
ter 1971). 

Wingless females (Fig. 2A) and their im- 
mature stages have 3-segmented antennae 
and could be confused with phylloxerans 
except for the presence of 4 or 5 abdominal 
spiracles, an abundance of wax glands usu- 
ally arranged in plates, and the presence of 
a sclerotized ovipositor in the adults. 
Winged females (Fig. 2B) have 5-segment- 
ed antennae. Each of the terminal three seg- 
ments has a large sensorium. No other in- 
sect displays these antennal characters. 
Egg-laying females (oviparae) (Fig. 2C) are 
wingless. They and their immature stages 
have 4-segmented antennae with the third 
segment longer than the fourth. The wing- 
less males and their immature stages have 
4-segmented antennae (Fig. 2D) with the 
third segment longer than the fourth. The 
antennae of all the morphs of Ade/ges coo- 
leyi (Gillette), the Cooley spruce gal] adel- 
gid, are illustrated in Fig. 2. 
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Fig. |. Aphididae antennae, Myzus persicae. A, Stem mother or fundatrix. B, Wingless female or aptera. C, 
Winged female or alata. D, Egg-laying female or ovipara. E, Male. Abbreviations: P = primary sensorium; S 
- secondary sensorium; b = base of ultimate antennal segment; u = unguis portion of ultimate antennal segment. 
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Adelgidae antennae, Adelges cooleyi. A, Wingless female or aptera. B, Winged female or alata. C, 


Egg-laying female or ovipara. D. Male. Abbreviations: S = sensorium; sp = sensory peg. 


PHYLLOXERIDAE 
(Fig. 3) 

Phylloxerids have 3-segmented antennae. 
The basal two segments, the scape and ped- 
icel, are without differences. In all species 
the flagellum ends in a sensory peg or sen- 
sorium that differs in size and location. 
Some winged adult females have one or 
two additional sensoria on the flagellum. In 
Phylloxera notabilis Pergande, winged fe- 


males have what appear to be 4-segmented 
antennae because the sensorium on the third 
segment usually is divided into two elon- 
gate masses, but the constriction between 
these areas is not articulated. The most 
studied species of phylloxeran is Daktulos- 
plaira vitifoliae (Fitch), the grape phyllox- 
eran, a worldwide pest of Vitis. Most spe- 
cies of phylloxerans develop on species of 
Carya where they produce galls on leaves 
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Fig. 3. 


Phylloxeridae antennae, Phylloxera devastatrix. A, Stem mother or fundatrix. B, Winged female or 


alata. C, Egg-laying female or ovipara. D, Male. Abbreviations: S = sensorium; sp = sensory peg. 


and stems (Pergande 1904, Stoetzel 1981). 
Some species have been shown to alternate 
between species of Carya and Quercus or 
Castanea (Stoetzel 1985a). 

Wingless and winged females and their 
immature stages have 3-segmented anten- 
nae (Figs. 3A, 3B) and could be confused 
with adelgids except that adults have a vul- 
va instead of a sclerotized ovipositor and 
lack the wax glands and plates found in 


most adelgids. Egg-laying females (ovipa- 
rae) have vestigial mouthparts and are 
wingless. They and their immature stages 
have 3-segmented antennae (Fig. 3C). 
Males have vestigial mouthparts and are 
wingless. They and their immature stages 
have 3-segmented antennae (Fig. 3D). The 
immatures of the sexuales are unique in that 
they are pupiform larvae which do not feed 
or move except for undulating motions dur- 
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ing molting (Stoetzel 1985b). The antennae 
of all the morphs of Phylloxera devastatrix 
Pergande, the pecan phylloxera, are illus- 
trated in Fig. 3. 


ACKNOWLEDGMENTS 


My thanks to Gary L. Miller for prepar- 
ing the illustrations. For their review of this 
article, 1 thank Andrew Jensen, Department 
of Entomology, University of Maryland, 
College Park, MD; Michael E. Schauff and 
Natalia J. Vandenberg, Systematic Ento- 
mology Laboratory, ARS, USDA, Wash- 
ington, DC; and Robert Whitcomb, ARS, 
USDA, Beltsville, MD. 


LITERATURE CITED 


Annand, P. N. 1928. A contribution toward a mono- 
graph of the Adelginae (Phylloxeridae) of North 
America. Stanford University Publication Univer- 
sity Series Biological Science 6(1): 1-146. 

Blackman, R. L. 1974. Aphids. Ginn & Company Ltd.. 
London, 175 pp. 

Bromley, A K. and M. Anderson. 1982. An electro- 
physiological study of olfaction in the aphid Na- 
sonovia ribisnigri (Mosley) (Homoptera). Ento- 
mologia Experimentalis et Applicata 32: 101 110. 

Carter, C. 1. 1971. Conifer Woody Aphids (Adelgidae) 
in Britain. Forestry Commission Bulletin 42, 51 
PP- 

Dixon, A E G, 1985. Aphid Ecology. Methuen. Inc.. 
New York, 157 pp. 

Dunn, J. A 
aphids. Entomologica Experimentalis et Applicata 
24: 148-149. 

Foottit, R. and W. R. Richards. 1993. The Genera of 
Aphids of Canada (Homoptera: Aphidoidea and 
Phylloxeroidea). The Insects and Arachnids of 


1978. Antennal sensilla of vegetable 


593 


Canada, Part 22. Centre for Land and Biological 
Resources, Ottawa, Ontario, Research Branch, 
Agriculture Canada, Publication 1885, 766 pp. 

Heie, O. E. 1987. Palaeontology and phylogeny, pp. 
367-391 tn Minks, A. K. and P Harrewijn. eds., 
Aphids, their Biology, Natural Enemies, Vol. A. 
Elsevier Science, New York. 

Miyazaki, M. 1987. Morphology of aphids. pp. 1-25 
In Minks. A. K. and P Harrewijn, eds., Aphids, 
their Biology, Natural Enemies, Vol. A Elsevier 
Science, New York. 

Nault, L. R., L. J. Edwards, and W. E. Styer 1973. 
Aphid alarm pheromones: Secretion and recep- 
tion. Environmental Entomology 2: 101-105. 

Pergande, T. 1904. North American Phylloxerinae af- 
fecting Hicoria (Carya) and other trees. Proceed- 
ings of the Davenport Academy of Science 9. 
185-273. 

Shambangh, G. F, J. L. Frazier, A. E. M. Castell, and 
L. B Coons. 1978. Antennal sensilla of seventeen 
aphid species (Homoptera: Aphidinae). Interna- 
tional Journal of Insect Morphology and Embry- 
ology 7: 389-404. 

Stoetzel, M. B. 198]. Two new species of Phylloxera 
(Homoptera: Phylloxeridae) on pecan. Journal of 
the Georgia Entomological Society 16(2): 127- 
144 

. 1985a. Host alternation: A newly discovered 

attribute of the Phylloxerndae (Homoptera: Aphi- 

doidea). Proceedings of the Entomological Soci- 

ety of Washington 87: 265-268. 

. 1985b. Pupiform larvae in the Phylloxeridae 

(Homoptera: Aphidoidea). Proceedings of the En- 

tomological Society of Washington 87: 535-537. 

. 1991. Aphidoidea: Aphididae, Adelgidae, and 
Phylloxeridae, Aleyrodoidea: Aleyrodidae; and 
Psylloidea: Psyllidae, pp. 85-89 In Stehr, E W. 
ed., Immature Insects, Vol. 2. KendafV/Hunt Pub- 
lishing Company. Dubuque, lowa, 975 pp. 

Takahashi, R. 1965. Some new and little-known 
Aphididae from Japan (Homoptera). Insecta Mat- 
sumurana 28: 19-61. 


